Study aim: The aim of this study was to evaluate the incidence of contractures of selected muscle groups with respect to the magnitude of the physiological curvatures of the spine in young men with above-average levels of physical activity.
Introduction
Body posture is the outcome of several factors, both internal (the structure of the osseo-ligamentous apparatus, tension of the postural muscles, functioning of the nervous system and integration of the senses) and external (the environment where a person lives, working and learning conditions and the level of physical activity) [8] . Evaluating a person's body posture is difficult despite the existence of established criteria for determining correct posture and anatomical traits (the structure of the spine, shoulder girdle and pelvis, and the presence of physiological curvatures of the spine). But although there are many methods used to evaluate the anatomical traits of body posture, it is nonetheless difficult to analyse 'one's postural tendencies' [1] . If we adopt the definition of body posture as 'one's postural tendencies', the analysis of the body posture should take into consideration not only the positioning of the body segments, but also, and perhaps first and foremost, the functional state of the body posture. The condition required for maintaining a vertical posture is correct distribution of the tension in the antagonistic muscles. Here, the postural muscles must be active enough to oppose the force of gravity, but not so active as to generate an excessive energy cost. The structure of the human body is such that the postural tension is distributed globally, rather than being focused locally [5, 6, 8, 23, 29] .
The most frequent disorders of body posture in children and youths occur due to incorrect tension of the postural muscles (muscle dystonia), which may lead to contractures of some groups of muscles becoming permanent and to other muscles stretching (antagonistic muscles). Disorders related to the distribution of the tension in the postural muscles can also restrict the mobility of the joints. In adult persons, muscle dystonia results in excessive strain on the musculoskeletal system, and frequently pain [2, 6, 13, 14] . Due to the above, maintaining the appropriate degree of muscle flexibility and the optimal physiological ranges of motion in the joints will determine the correct functioning of the body and the correct musculoskeletal fitness [4] .
Muscle contractures cause motion in the joints, but whether such motions take place in their full range depends on many factors, including the conditions of the muscles [21] . Nonetheless, it should be mentioned that achieving excessive mobility in the joints (exceeding the physiological norms) may be undesirable and may lead to serious consequences. Such a state can lead to excessive relaxation (instability) of the joints, which may cause a higher risk of injuries [27] . At the same time, a limited range of motion in the joints, which sometimes co-occurs with muscle contractures, also brings a risk of injuries [27] . Muscle contractures can have many causes. They may result not only from a lack of physical activity, but also from training loads that are inappropriate for the actual capabilities of an exercising person. Contractures may lead to joint deformations and the loss of muscle functions, which in turn results in incorrect functioning of the upper limbs, lower limbs and the trunk.
The aim of this study is to evaluate the incidence of contractures in selected muscle groups with respect to the magnitude of the physiological curvatures of the spine in young men -students of physical education at the Academy of Physical Education in Warsaw.
Material and methods
The study participants comprised 96 men aged between 20 and 22 years (21.2 ± 1.05). Young men were students of the first or second year of physical education subject at the Academy of Physical Education in Warsaw. The assignment of students to this group was not accidental; participants of this study had to be students of physical education and they had to agree to participate in the body posture tests.
Students had obligatory physical exercises during the study every day, and in addition undertook other forms of activity physical during the week. Ninety-five percent of the studied men participated in sports training activities. The mean body height of the students was 180.4 ± 6.7 cm, and the mean body weight was 77.9 ± 87.5 kg. Their BMI was also calculated, and the results were as follows: 65.6% of the students had a normal BMI for men, whereas 34.3% showed a BMI between 25 and 29.5, which may indicate being overweight. However, it should be stressed that all the participants were second-year students of Physical Education, and that the BMI is not a good measure of the body shape type, especially in those persons who engage in competitive sport, because it does not take the body's musculature into account.
The study obtained a positive opinion of the Bioethical Commission at the Academy of Physical Education. The study was conducted between January and February 2016.
Measurements of selected traits of body posture
Selected traits of body posture were evaluated with an inclinometer (AMI), which was used to measure the inclination angles of sections of the spine relative to the vertical. The figure below shows the measured points.
The measurements of the angles α, γ, β 2 and β 1 were used to calculate the magnitude of the physiological curvatures of the spine according to the following formulas [22] :
where KP -thoracis kyphosis angle, LL -lumbar lordosis angle.
Measurements of the ranges of motion in the shoulder and the hip complexes
The ranges of motion on the right and the left side were measured with a goniometer. The ranges of the raising motion of the upper limb through flexion were measured The contractures of the iliopsoas muscle were evaluated using the Thomas test carried out in a supine position with one lower limb extended to the maximum of the participant's capabilities, and the other lower limb flexed so as to stabilise the pelvis. After Kapandji [16] , the study assumed that angular values below 175º for the shoulder complex and below 174º for the hip joint indicated a limited range of motion.
Differences in the ranges of movement between the lower and upper limbs on the right and left were tested with Student's t-test. Pearson's correlation coefficient was calculated to evaluation the relationship between ranges of motion in the shoulder complex and the pelvic complex and angles of inclination of spine sections relative to the vertical. The value p ≤ 0.05 was deemed as statistical significance level.
Results
Disorders of the range of motion in the shoulder complex and the pelvic complex can determine the magnitude of physiological curvatures of the spine. The correct functioning of the spine results from the optimal positioning of the shoulder girdle and pelvis, and their functional fitness. Table 1 presents the mean ranges of motion in the shoulder complex (the Dega test -for the contracture of the pectoral muscles) and the pelvic complex (the Thomas test -for the contracture of the iliopsoas muscle) in the left and the right sides of the researched students.
In the experimental group, the mean values of the ranges of motion in the shoulder complex indicated a limited degree of mobility (contracture of the pectoral muscles). This concerned both the right and the left upper limb. It should also be stressed that the study revealed the presence of asymmetric contractures in both of the upper limbs, and the difference was statistically significant (Table 1). Similar observations were made for the occurrence of limited ranges of motion in the hip joints (flexion contracture). The arithmetic mean revealed the occurrence of a limited range of extension movements at the hip joint. No significant differences were noted between the right and the left lower limbs.
An analysis of the individual results concerning motion disorders in the shoulder complex and the pelvic complex showed significant abnormalities among the researched students. Contractures of the selected muscle groups within the shoulder girdle were noted in around 90% of the participants, and these disorders more frequently concerned the right upper limb. Similar results were obtained for the incidence of contractures of the selected muscle groups within the pelvis. In this case, flexion contractures in the hip joint were observed in around 84% of the participants, and they more frequently concerned the left lower limb (Table 2) .
Tension disorders in selected muscle groups within the shoulder complex and the pelvic complex may have a negative effect on the magnitude of the physiological
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The shoulder complex Table 2 . Incidence of contractures of selected muscle groups in the shoulder complex and the pelvic complex curvatures of the spine. Table 3 shows the values of the inclination angles of sections of the spine relative to the vertical, which characterise the magnitude of the physiological curvatures of the spine.
The mean inclination angle of the upper section of the thoracic kyphosis (γ) was 23 ± 5.8º, and the mean value of the angle β 1 was 12 ± 5.0º. It should be stressed that higher values of the angles γ and β 1 are correlated with greater kyphotic curvature of the spine. The mean kyphotic angle in the researched students was 145º, with the minimum value of 116º and the maximal value of 169º. Therefore, the magnitude of the thoracic kyphosis among the students varied significantly (Table 3) .
The mean values of the angles α and β 2 in the participants were the same (13 ± 4.40º). The mean value of the lumbar lordosis angle in the students was 155 ± 7.0º ( Table 3) .
While analysing the values of the angles β 1 and β 2 , it was noted that the mean values of the two angles were similar. On the other hand, in the study significantly higher values were observed for the angle γ in the participants than for the angle α. These results may indicate that the researched students tended to have a greater thoracic kyphotic angle in comparison to the lumbar lordosis.
The correlations between the inclination angles of the sections of the spine from the vertical and the ranges of the selected motions in the shoulder complex and the pelvic complex, established using the Pearson correlation coefficient (Table 4) , were ambiguous. Nonetheless, there existed an inversely proportional correlation between the angles γ , β 2 and α and the range of the raising motion of the upper limbs through flexion, where the values of the correlation coefficient were statistically significant (Table 4) .
Similar tendencies were observed when analysing the correlations between the angles β 1, β 2 and α and the capacity for the extension movement in the hip joint (the contracture of the flexor muscles of the hip joint). In this case, the correlation coefficient was statistically significant only with respect to the angle β 2 . The above results stand to reason, due to the correlation between the value of the kyphotic angle and the lumbar lordosis angle with respect to the discussed motion capabilities. Table 4 shows that there is a positive correlation between the angular values of the physiological curvatures of the spine and the motion capabilities in the discussed complexes. Thus, the limited ranges of the extension movement in the hip joint and the raising motion of the upper limbs through flexion are related to a tendency for the physiological curvatures of the spine to increase.
Discussion
A functional analysis of the body posture seems to provide a significant diagnostic element for fostering the correct functioning of the human body. For the diagnostics of pain in the musculoskeletal system, various tests are used to analyse the mobility in the joints and the tension of different muscle groups [8] . Most frequently, the body posture of children and youths is assessed with the Dega test, the Thomas test, the Matthias test, the Kraus-Weber test, the Schober test, the Patrick test, etc. [8] .
In the present study, the ranges of selected motions in the shoulder and the pelvic complexes were evaluated with the Dega test and the Thomas test. The analysis of the incidence of contractures in the pectoral muscles (the Dega test) showed that around 90% of the participants had limited mobility in the arm-shoulder joints. The majority of the researched students who tested positive in the Dega test also had increased thoracic kyphosis. This tendency is well-documented in the literature [10, 19, 20] . In the study, a contracture of the pectoral muscles in those students who displayed a correct magnitude of thoracic kyphosis was also observed. It may be assumed that this state in the Physical Education students is a result of the sports training undertaken by them, as well as the additional physical activities. In many cases, these additional physical activities involved sports training based on exercises designed to build muscle mass. Nowadays, exercising in a gym is one of the most popular forms of physical activity among young people; however, these workouts do not always involve the appropriate proportions of strengthening exercises to stretching exercises.
The evaluation of the contracture of the flexor muscles of the hip joint (the Thomas test) showed that this issue concerned around 84% of the researched students. This result may be surprising, because the majority of the participants were actively engaged in sport and they did not display excessively increased lumbar lordosis with the anterior pelvic tilt. On the contrary, the study observed that about 13% of the participants had a tendency towards flattening of the lumbar lordosis in comparison to the thoracic kyphosis. It may be assumed that the incidence of the contractures in the hip joint, as well as the tendency toward a decrease of the lumbar lordosis in some of the students, is a result of the development of a compensation mechanism used during sports training (resulting from greater strain on the lumbar section of the spine).
The studies by other authors also indicate that disorders of the muscle tension in the form of contractures of selected muscle groups may also occur in those persons engaging in various forms of physical activity, both at the amateur and the professional level [3, 7] . Contractures in the pectoral, iliopsoas and ischiocrural muscles, in students at the Academy of Physical Education in Katowice, concerned from 8 to 32% of the study participants (both women and men) [12] . Asymmetric contractures also occurred frequently in the cited studies, which caused a twisting of the shoulder girdle or the pelvis. The occurrence of an asymmetrical distribution of the tension in the selected muscle groups has been documented by many authors [7, 14, 15, 17, 24] . There are also some sport disciplines in which hypermobility of the joints is, in fact, desirable, such as artistic and sports gymnastics, or acrobatics [3] .
The positioning, shape and mobility of the spinal joints, as well as the joints connecting the spine with the shoulder girdle and the pelvis, play a fairly important role in the context of correct body posture and a person's physical functioning [12, 25] . Limited mobility in the shoulder complex and the pelvic complex is one of the factors that have a negative effect on the magnitude of the physiological curvatures of the spine. Having in mind that excessive tension of the pectoral muscles increases the degree of thoracic kyphosis, and that flexion contractures in the hip joints increase the lumbar lordosis, there is a need to diagnose these curvatures during an evaluation of the body posture [12, 32] .
According to the study conducted among the secondyear students at the Academy of Physical Education in Warsaw, abnormalities of the body posture in the sagittal plane concerned around 80% of the participants. On the one hand, this result may be considered as surprising, because abnormalities in the magnitude of physiological curvatures of the spine are often identified with a sedentary lifestyle and limited amounts of physical activity. However, it should be stressed that excessive physical activity and specialist sports training may also cause abnormalities in the physiological curvatures of the spine.
Studies by many authors have confirmed that abnormalities of the physiological curvatures of the spine can occur in different groups of children and youths, including those involved in physical training. In these studies, the prevalence of increased physiological curvatures of the spine ranges between 15 and 70%, depending on the researched group and the research method [18, 30, 31] . Abnormalities in the magnitude of the physiological curvatures of the spine also concern adult persons. A study by Zwierzchowska [32] conducted among students in the University of Economics in Rzeszów revealed that only 2.6% of the female students and 6.6% of the male students had correct body posture. Abnormalities in the body posture in the coronal plane were also observed by Rusek [26] , who investigated students at the University of Rzeszów. Such a high percentage of abnormalities in the body posture in the sagittal plane is probably a result of the different research methodologies used in the studied groups; however, it seems that the main reason is a low level of physical activity among persons of different ages.
Conclusions
1. There is a need for further evaluation of the tension of the muscles in the shoulder girdle and the pelvic girdle that includes measurements of the left and the right side of the body. 
